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In this article, I shall propose an enlightening view on the origin of dark matter abundance, in which I intro- 
duce a neutral primordial field, which is a new field beyond the standard model, the mass of the primordial field 
is confined in the vicinity of neutrino mass (or 1-2 orders of magnitude different from the neutrino mass). All 
the standard model elementary particles are produced spontaneously from this field in the Big Bang epoch of the 
universe and then these produced elementary particles decayed or annihilated in the well-known standard model 
interactions. The relic of the primordial field appears in a form of vacuum energy can not only give naturally 
the correct abundance of dark matter in the present universe, but provide a natural solution to the cosmological 
constant problem as well. We find that the conventional methods of detecting dark matter either fail or have great 
difficulties to detect the remaining vacuum energy of the primordial field, and how to confirm the existence of 
the remaining energy of the universe’s original energy in experiment is still an open problem. 


I. INTRODUCTION 


Einstein’s discovery of general relativity enabled us for the first time to understand the universe quantitatively and accurately. 
Owing to the developments, both theoretical and observational, in the last two decades of the twentieth century, we have enor- 
mous undoubted and convincing evidences which point to the existence of dark matter in the universe. The most convincing 
and direct evidence for the existence of dark matter on galactic scales come from the observations of the velocity distribution of 
galaxies. Apart from the rotation curves of galaxies, the hot gas which produce bremsstrahlung emission of X-rays distributed 
throughout the clusters of galaxies and gravitational lensing studies of distant galaxies also provide strong evidence for the 
predominance of dark matter in galaxies. Furthermore, the analysis of the cosmic microwave background provide us the infor- 
mation that dark matter is about five times more abundant than baryonic matter, accounting for about 85% of the total matter in 
the universe. 

Although many experimental attempts have been done to reveal the nature of dark matter, what on earth is dark matter is still 
remain mysterious after almost a century since it was initially proposed by Zwicky [1]. Only lower and lower limits for their 
masses are set with these experiments. The searches for weakly interacting massive particles are still null results when the latest 
upper limit on the WIMP-nucleon spin-independent elastic scattering cross section reaches the level of 10747 cm? [2], which is 
only about two orders of magnitude higher than the neutrino-induced background. Axion, which arises from attempts to explain 
why the strong interaction obeys the CP symmetry, is another popular candidate for dark matter. The major challenges for the 
detection of axions in experiments are the particle’s mass and coupling constant are unknown, the predicted masses of axions 
range from 1 jzeV to 1 eV. The continuing null results from searches for standard axions are narrowing the potential mass range 
for hypothetical dark matter axions bit by bit. Since the contradictory results from different experiments for the searches of 
sterile neutrino, one of the proposed dark matter candidates, the existence of sterile neutrino is still a question. 

Another unresolved problem in cosmology is the cosmological constant problem [3]: a huge discrepancy does exist between 
the theoretical value of vacuum energy density and the critical density. Although there are many attempts to solve the cosmologi- 
cal constant problem, including in the framework of supersymmetry or quantum gravity and quantum cosmology, each approach 
has its own defect and none of them gives a satisfactory solution. 

In conventional viewpoint, dark matter puzzle and cosmological constant problem are two independent problems. However, 
in this article, I shall propose a new theory of dark matter, in which I introduce a neutral primordial field, which is a new field 
beyond the standard model. All the standard model elementary particles are produced spontaneously from this field in the Big 
Bang epoch of the universe and the relic of the primordial field appears in a form of vacuum energy can not only give naturally 
the correct abundance of dark matter in the present universe, but provide a natural solution to the cosmological constant problem 
as well. The details of the new theory of dark matter and various supporting arguments for the new theory will be discussed fully 
in Sec. II, and in Sec. III, we explain why the conventional methods for dark matter detection either fail or have great difficulties 
to detect the dark matter. 
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Il. THE NEW THEORY ON THE ORIGIN OF DARK MATTER ABUNDANCE 


In quantum field theory, for each model of a quantum field there is a zero-point energy $V k? + m?, so the energy density of 
the quantum vacuum is given by [4] 
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where g; is the degrees of freedom of the field and the sum runs over all quantum fields(e.g., quarks, leptons, gauge fields, etc.). 
kmax is an imposed momentum cutoff. 
On the other hand, the energy density of empty space must satisfy the following observational bound 


Pvac < Per ~ 107" eVy*. (2) 


The trouble is that the energy density of the vacuum is likely to be enormously larger than per. To illustrate the magnitude of 
the problem, supposing the energy density contributed by just one scalar field with the condition m « kmax. Taking the cutoff 
to be the Plank scale, where one expect quantum field theory in a classical space-time metric to break down, the vacuum energy 
density will exceed the critical density per by 120 orders of magnitude! If we taking the cutoff to be electroweak symmetry 
breaking scale Mew ~ 200GeV or QCD scale Agcp, a huge discrepancy between the theoretical value of vacuum energy 
density and critical density does still exist, which is known as the cosmological constant problem [3]. 

There are many attempts to solve the cosmological constant problem. Supersymmetry, a hypothetical symmetry between 
bosons and fermions, appears to provide only partial help [4]. Zumino pointed out that supersymmetry, if unbroken, imply a 
vanishing vacuum energy [5]. However, supersymmetry has to be broken in the real world and this destroy the miraculous can- 
cellation of the various terms participating the vacuum energy. If we taking the momentum cutoff at the scale of supersymmetry 
spontaneously broken(~ 1TeV), this lead to a discrepancy of 60(as opposed to 120) orders of magnitude with observations. 
Another solution is based on quantum gravity and quantum cosmology [6-8]. However, this approach suffer from various lim- 
itations among which is the fact that the path integral is not properly defined and that probabilities are not positive definite [9]. 
Anthropic principle is also one approach to the cosmological constant problem which involves the idea about the vacuum energy 
is a random variable that can take on different values in different disconnected regions of the universe. Because large vacuum 
energy would forbid the formation of galaxies, the reason for why the vacuum energy of the universe is so tiny is just that we 
could not exist in a region with large Pyac [10]. There are other approaches to the cosmological constant problem, each approach 
has its own defect and none of them gives a satisfactory solution. For review, see Refs. [3, 9, 11]. 


A. The new theory on the origin of dark matter abundance 


The fact that all attempts to estimate the size of vacuum energy are at best orders of magnitude too large, which motivates us to 
must think outside the box. In conventional viewpoint, vacuum energy is mathematically equivalent to a cosmological constant, 
if we give up the old idea, one way out of both the cosmological constant problem and dark matter puzzle appears. First, we 
provide a definition of the stability of vacuum state and two basic postulates about the beginning of the universe. 

Definition: Ifa vacuum state, real particle-antiparticle pairs can not be created spontaneously from it, we call it stable vacuum 
state; otherwise, it is unstable vacuum. 

The moment after the Big Bang is the time when all kinds of particles are created. This process continues to produce all kinds 
of particles that fill the universe, including the basic particles that make up atoms, neutrinos and possible dark matter particles, 
and finally form the familiar matter. It is very complicated to describe the creation process of particles in detail, but thanks 
to Einstein’s mass energy relation Æ = mc?, which describes the equivalence of mass and energy. So at the beginning of the 
universe, particles were produced by the following process [12] 


Energy — particle + antiparticle. (3) 


It must be emphasized that this process can only occur if the energy provided exceeds the total mass of the final particle and 
antiparticle to be produced. 

The question is, before the creation of particles, what was the initial form of energy in the universe? It is generally believed 
that the initial pure energy of the universe was photons, if it was, formula(3) becomes y + y —> particle + antiparticle. Of 
course, if photon’s energy is high enough, it is always possible to create any type of particle antiparticle pair in the process of 
photon collision(for example, y+ —> e" +e7, y+y7 > q+ @ etc.). However, the generation of particles from photon collisions 
is an electromagnetic interaction. If the original pure energy form of the universe was photons, it is contrary to the well-known 
electro-weak unified theory that electromagnetic interaction exists only after electro-weak symmetry breaking, so the original 
pure energy of the universe cannot be photons. What would it be? We will give an answer to this question in Postulate I below. 


When a particle is produced in the universe, no matter what kind of particle it is, its number density is inevitably diluted with 
the expansion of the universe. When the number density of particles in the universe drops to a critical value, the average distance 
between particles is too large, the interaction between them can not be carried out effectively, and the number of such particles 
is gradually fixed [12], which is the thermal decoupling mechanism of the origin of dark matter abundance. The relic abundance 
of dark matter can be described and calculated by the standard Boltzmann equation. If dark matter is really a kind of particle and 
produced by formula( 3), there is no problem about the thermal decoupling mechanism of the origin of dark matter abundance. 
However, there is another possibility that dark matter is not a particle. We can ask another question: is it true that 100% of the 
original energy of the universe is converted into particles without any surplus? Along this line of thought, a new theory on the 
origin of dark matter abundance came into being. 

The whole universe must be in an unstable vacuum state in the beginning, or in the pre-big-bang epoch, then big bang occurred 
and all elementary particles in the standard model were created spontaneously from it described by formula( 3). 

Postulate I: At the first moment of the beginning of the universe, before the production of elementary particles, there is only 
energy, no particles. In addition to a very small cosmological constant, all energy of the universe were stored in the form of 
vacuum energy of a neutral primordial field. 
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where the factor g = 2s + 1 accounts for the degree of freedom of the primordial field. 

Here we use t = 0 mean the moment of the beginning of the universe, or the beginning of time. In the first term of the right 
side of Eq.( 4), we introduce a new field, the primordial field, which is beyond the standard model. The precise value of the 
momentum cutoff at t = 0 moment is not known, this is in fact not important. The most important thing is that, as I shall show 
below, this vacuum state is unstable regardless of the quantity kmax(t = 0) and all elementary particles in the standard model 
would be created spontaneously from it, and its energy density varies with time, while the second term pa with energy density 
which remains constant throughout the history of the universe. 

The primordial field may be scalar field, spin-1/2 field, vector field or other fields. Different scalar field models have been 
fully studied in related literatures, and the simplest one is to add another term to the Lagrangian of the standard model [13] 


Ls = 0"S0,S — M? SS —dsS'SH'H. (5) 


This model has a global U(1) symmetry which guarantees the stability of the S scalar by eliminating the interaction terms 
involving odd powers of S and St which lead to S decay. If dark matter is a vector particle, the popular model is an extension 
of the SM by an additional U(1) x gauge symmetry and a complex scalar field ® = (¢, + i¢;)/V/2, whose vacuum expectation 
value generates a mass of this U(1)’s vector field. The Lagrangian of the scalars and the new vector boson is [14] 
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Eqs. (5) and (6) are examples of specific dark matter model. It will be shown that our discussions and conclusion have nothing 
to do with the specific dark matter model. 

Postulate IT: each mode(mode k) of this neutral primordial field is stale and has a zero-point energy $V k2 + m?. 

The accurate value of the primordial field’s mass is not known, but it could be expected that its mass is very light, so each 
zero-point energy mode of this primordial field(with a energy 3V k? + m?) is neutral, stable and nonbaryonic, and thus satisfies 
basic requirements for dark matter. 

Although each mode k(with a energy Ey k? + m?) is stable, two modes, k (with a energy x / k? + m?) and ko(with a energy 


H /k + m?), may annihilate into a pair of standard model elementary particles when they collide, as described by formula( 3) 
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which explains the fact that the standard model elementary particles are produced from vacuum state in the Big Bang epoch 
of the universe. The process kı + k2 + y + y(just like v + P — y + 7) is forbidden or strongly suppressed because of the 
well-known fact that dark matter is not involved in electromagnetic interaction. 

One may wonder whether vacuum energy can annihilate into elementary particles, as suggested in Eq.( 8). By definition, 
vacuum describes the lowest possible energy state in QFT, this is indeed the case. Each mode k, whose minimum energy 
$V k? + m? is indeed less than a particle’s energy Vk? + m?, this means that each mode k in vacuum energy is stable and 
cannot decay. However, a particle that cannot decay spontaneously does not mean that two particles cannot annihilate. Just like 
a photon is stable and cannot decay into any particles, but two photons can annihilate(for example y + y —> e+ + e7), the same 
is true for each mode k in vacuum energy. 

It must be emphasized that we discuss the occurrence of the reaction Eq. (8) from the law of conservation of energy and 
mass energy relation, as long as the energy condition is satisfied just like in formula( 3), reaction Eq. (8) will certainly occur. 
As for the specific value of the annihilation cross section and how the SM particles are produced from this new field, which 
are obviously model dependent(for example, in Ref. [13], the author calculated the annihilation cross sections of a pair of 
dark matter annihilated into a pair of standard model particles in a scalar dark matter model), is not important. Then these 
produced elementary particles decayed or annihilated in the well-known standard model interactions and after the Big Bang 
Nucleosynthesis, only photon, neutrino and light elements are left. The energy density of the universe described by Eq.( 4) 
becomes correspondingly 
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The primordial field’s vacuum energy density(the first term on the right side of Eq.( 4)) decreases with time for two reasons: 
the elementary particles in the standard model are created spontaneously from it and the universe expands, and correspondingly 
so does the maximum momentum kmax, Which is determined by the vacuum energy density via the following theorem 

Theorem I: The vacuum energy density of the primordial field is given by 


Kmax(t) qJ3k 1 oki x(t) m 
O = 2 2 _ max 
Pvac (t) = | (27) VRP +m? 167? f (5) ca 


where f(x) = VI +z?(1 + $a?) — $24 In(4 + 4V1 + 22) and kmax(t) is momentum cutoff. 

When 4 V/k2ax(t) +m? + iV kart) +m? < 2m,, ie. kmax(t) < 2m,, at that time, say t = tı, even the lightest 
neutrinos can not be created spontaneously from the vacuum state, the vacuum became a stable vacuum. One may argue that it 
is at this time, say t = t2, when the rate for neutrino antineutrinos created spontaneously from vacuum state becomes smaller 
than the expansion rate of the universe, the vacuum became a stable vacuum. The exact time tə is very difficult to determine 
because of the unknown annihilation cross section, but we must have tg < tı, it does not change the fact that the vacuum was 
stable at the time t = tı and our following calculations will not be affected by the unknown time tz. The detailed reason is: 
when the energy density of the primordial field drops to a critical value, no particles in the standard model can be produced 
effectively from it, and the vacuum becomes stable. Let’s say that time is t2, temperature is T2, and cosmic scale factor is 
a2. Because at the time t = tı, the vacuum must be stable, so we must have tg < tı. According to Theorem II(see below), 
we have Prvac(t2)@3 = Prvac(ti)a? = Prvac(to)ag. The precise value of t2 or Tz and prvac(t2) depend on the corresponding 
calculations(annihilation cross section) of concrete model, which are vague and unclear, but it doesn’t matter. We can calculate 
the value of tı or Ty and prvac(t1), which are only depend on neutrino’s mass, and thus the calculation of the relic density of 
dark matter prvac(to) is not be affected by the unknown annihilation cross section. 

Therefore, we can get a picture of the universe’s evolution: in addition to a very small cosmological constant, the initial or 
original energy of the universe is stored in the form of vacuum energy of a neutral primordial field, because this vacuum state 
is unstable, the original vacuum energy is divided into two parts as the universe expands. One part had been transformed into 
ordinary matter or radiation through formula( 8), the other part remain in the form of vacuum energy. The part left we call it 
remaining energy of the primordial field, its energy density evolutes via 

Theorem II: Pryac(t)a?(t) = Const. 

where a is the cosmic scale factor. One may argue that vacuum energy density is a constant, which does not dilute with the 
expansion of space. Indeed, this is a deep-rooted concept, just as people believed that all species were immutable before Darwin 
put forward the theory of evolution in the 19th century. In the early universe, the vacuum energy density decreased rapidly with 
the expansion of the universe, and then gradually slowed down. At present, the decrease of remaining vacuum energy density 
with the expansion of the universe must be a very, very slow process. In order to produce experimentally observable changes, it 
may take no less time than that required to produce a new species on Earth. Therefore, the idea that the vacuum energy density 
is a constant, which does not decrease with the expansion of space, is only a theoretical guess without any strict experimental 
confirmation. If we assume that the energy density of vacuum energy decreases with the expansion of space, it naturally explains 
the difficulty of cosmological constant. 


When kmax decreased to 2m,, at that time we set t = t1, T = T; and a = ay, according to Eq.( 10), we have 


Prvac(t1) = sree) 7 ( m ) 
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Because Pryac(ti)a? = Prvac(to)ag(Theorem ID, here to is the present time and ag is the present value of cosmic scale factor, 
then we get the present remaining vacuum energy density 
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where To is the cosmic plasma temperature today, the second step is based on the formula that a(t)T (t) remains constant through 
the evolution of the universe. Therefore the ratio of the remaining vacuum energy density today to the critical density is 
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Because at T = T}, the lightest neutrinos can not be created spontaneously from the vacuum state, we must have Ty < m, ; 
on the other hand, approximately, Tı > 0.1m,/(the reason will be given in the appendix). It is reasonable to take the temperature 
T; in the range of 0.1m, < T, < m,. If we set Qrvac = Qpm = 0.26 + 0.01, then we get a limit on the lightest neutrino mass 
my, see Table I, Table II and Table II, where we have considered three cases: the primordial field is a scalar field, a spin-1/2 
field and a vector field. 
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TABLE I. The limit on the lightest neutrino mass m, (in unit of eV) from the remaining vacuum energy density today if the primordial field is 


a scalar field, the error comes from the function f(;=~). 
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TABLE II. The limit on the lightest neutrino neutrino mass m, (in unit of eV) from the remaining vacuum energy density today if the primordial 


field is a spin-1/2 field, the error comes from the function f ( Im, ). 
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TABLE III. The limit on the lightest neutrino mass m, (in unit of eV) from the remaining vacuum energy density today if the primordial field 


is a vector field, the error comes from the function f (5%). 
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Here we have used the input parameters [15]: per = 1.879 h? x 107?9g cm7? = 8.098 h? x 107M eV4, h = 0.72, Ty = 
2.725K = 2.348 x 10~‘eV. For the function f (32), we take the value f(5”~) = 1.084(:57, the reason will be given later in 
the discussion on the equation of state. From Table I, Table I] and Table III, we can see that the lightest neutrino mass is in the 
range of 


0.00858 601 eV < my < 7.69855 sc €V, (14) 


if the primordial field is a scalar field; and 


0.00458 -b00 eV < m, < 3.84970 -358 eV, (15) 


if the primordial field is a spin-1/2 field; and 


0.00375 cca €V < m, < 2.566, 305 eV, (16) 


if the primordial field is a vector field, which are consistent with the latest upper limit on the absolute mass scale of neutrinos 
from Karlsruhe Tritium Neutrino experiment KATRIN [16] 


my < 1.1 eV(90%C.L.). (17) 


and the recent upper bound for the lightest neutrino mass from data of the large scale structure of galaxies, cosmic microwave 
background, type Ia supernovae, and big bang nucleosynthesis [17] 


my < 0.086 eV(95%C.L.). (18) 


Formula( 14), ( 15) and ( 16) also implies that the sum of the three generation neutrinos masses X` m,, > 024 has eV or 


Ym, = OKO) be mace tt eV or om, > 0.0097 9:600 eV, which are also consistent with the minimum sum of the masses derived 
from atmospheric and solar neutrino oscillation data [18, 19] 


XO ma, = 0.058445 S008 €V- (19) 


Then, we can explain the dark matter as the relic abundance of vacuum energy of the primordial field. 

(1). In the beginning, the vacuum energy density of all the standard model’s quantum fields described by Eq.( 1) appeared as a 
form of one new field’s vacuum energy density(the first term on the right side of Eq.( 4)), which evolves as the universe expands, 
and nowadays its value is Prvac(to) = QpM Per, which satisfies the observational bound Eq.( 2). Therefore, the new theory of 
dark matter could solve both the cosmological constant problem and the dark matter puzzle at the same time. The second term 
pa on the right side of Eq.( 4) remains constant with time, its value is pa = Qaper œ 0.69pcr, which accounting for cosmic 
acceleration. At first the first four terms on the right side of Eq.( 9) dominated the energy density of the universe, then which was 
dominated by p4, so the evolution of the universe must experience a process from deceleration to acceleration. Furthermore, this 
new theory also provides an answer to this question: where did all elementary particles in the standard model come from in the 
beginning? They all came from a new neutral filed, I call it the primordial field, which is beyond the standard model. The most 
interesting feature of this new theory of dark matter is that it could be incorporated into the standard model naturally. Although 
other schemes of understanding the dark matter puzzle are still possible, for example, supersymmetry or extra dimensions etc, it 
is obvious that the remaining vacuum energy of this primordial field is the most economical way among all these approaches to 
dark matter puzzle, not only because it is simple, but also it provides a solution to the cosmological constant problem as well. 


(2). Collisions between galaxies clusters(containing dark matter) provide a test of the nongravitational forces acting on dark 
matter. If dark matter’s particle interact with each other frequently and exchange little momentum, the dark matter will be 
decelerated by an additional drag force. In Ref. [20], using the Chandra and Hubble Space Telescope, Harvey et al. have 
observed 72 collisions, including both major and minor mergers. They were surprised to find that dark matter will pass through 
each other without any obstacles when galaxies clusters collide. Their result disfavoring some proposed extensions to the 
standard model. Dark matter’s lack of deceleration was also observed in the giant “bullet cluster” collision 1E0657-558 [21]. 
These observations show that there is no nongravitational interactions among dark matter, its behavior is more like a kind of 
fluid without viscosity. Observations of Ref. [20, 21] are consistent with the new theory of dark matter. It is clear that there 
is no self-interaction between dark matter as it is shown in Eq.( 10), since every zero-point energy mode is in its ground state, 
the whole behavior of vacuum energy is like a kind of superfluid which flows without any friction, and thus providing a perfect 
explanation to the observations of Ref. [20, 21]. 

(3). The whole vacuum energy has its own state equation, we rewrite Eq.( 10) as [9] 
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where in the last expression, we have expanded the exact expression in terms of the small parameter m /kmax(t). The pressure 


of the vacuum energy reads [9, 15] 
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where h(x) = V1 + 2?(1 — 32?) + 3a*In(4 + 4v1 + 2?). It is clear from the expressions of Eq.( 20) and Eq.( 21) that the 


state equation of this vacuum energy is w ~ $Pvac(t) as long as m < kmax(t). At early times, kmax(t) was very large 
and the condition m < kmax(t) must be satisfied, this mean that this vacuum energy do not behave like a cosmological constant 
but rather like radiation, which is consistent with the fact that radiation was dominant in the early universe, and its energy 
density scales as a(t)~*. When kmax(t) < 2m,, the vacuum became stable, in order to make Theorem II hold, the condition 
m < kmax(t ) ~ i must no longer be satisfied. gins analysis shows that the state equation of remaining vacuum n energy 


field. In addition, if we assume that m < m,, then the mass of the primordial field will be limited by 0.2m, < m < m,n, i. 


mm) = = 1. gs? ae Of course, it is also possible if m > m,, but it will not differ by two 


orders of ania Aod the a a mass, otherwise the theoretical limit on the upper limit of neutrino mass will be less than 
the experimental upper bound [16, 17]. 

(4). If the primordial field is a spin-1/2 field, it can be seen from the discussions in (3) that its mass is near the neutrino mass 
(or the difference is 1 to 2 orders of magnitude), then its property is similar to the sterile neutrino, which we call the sterile 
neutrino-like field. The reason why it is called sterile is that the cross section of the reaction process ( 8)(dark matter produces 
ordinary matter) must be very small, which is consistent with the fact that ordinary matter only accounts for a small part of 
the total matter. Therefore, there is a great possibility that dark matter is the residual vacuum energy of an sterile neutrino-like 
field(primordial field). 

To summarize, the primordial field’s vacuum energy, which behaves like a superfluid which flows without any viscosity rather 
than a kind of particle. This is the simplest explanation for dark matter. These arguments and Occam’s razor lead us to the 
assumption that the relic of the primordial field which remains in the form of vacuum energy is the most likely candidate to be 
the main component of dark matter in the universe. 


Il. COMMENTS ON CONVENTIONAL DETECTION METHODS 


If there exist remaining vacuum energy of the primordial field in the universe, its present energy density is 


Prvac(to) = Per X Qpm 
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1672 Kmax(ta) } ’ 


we set Qpm = 0.26 + 0.01 then approximately we get the present momentum cutoff is 


kmax(to) = 0.005+8:900 eV, (23) 


for primordial vector filed and primordial spin-1/2 filed, and 


kmax(to) = 00062) ton eV, (24) 


for primordial scalar filed. Then the present maximum zero-point energy mode is 5 kmax(to) = 0.0035 C00 eV(vector case and 
spin- 1/2 case) or $kmax(to) = 0.003+9:901 eV(scalar case). The mode number density of remaining vacuum energy is 


kmax(t) Bk 
vac(t) = 
meldo EF 


gkžax(t) 


672? 


(25) 


so its present value is nyac(to) = 6.34 x 10-%eV? ~ 825483 cm~? for primordia vector field or Nyac (to) = 4.23 x 10~-%eV3 ~ 
550756 cm~’ for primordial spin-1/2 field or nyac(to) = 3.65 x 10-%eV® ~ 475238 cm~® for primordial scalar field, which 
are much larger than the number density of CMB(n., ~ 411cm~?). Therefore we obtain the present averaged energy of each 
zero-point energy mode in remaining vacuum energy 


1, _ Prvac(to) 

2 Nvac(to) 
_ Qpn X Per (26) 
 Myac(to) 
= (1.72+9-97) x 10 eV, 


if the primordial field is a vector field; and 


l _ Prvac(to) 

2 Nvac(to) 
_ QpnM X Per (27) 
© Nyae(to) 
= (2.581919) x Ur “ey, 


if the primordial field is a spin-1/2 field; and 


ly _ Prvac (to) 

2 Nvac(to) 
_ ODM X Por (28) 
~~ Nyaclto) 
= (2.997917) x 10-3eV, 


if the primordial field is a scalar field, which are about three to five times the averaged energy of photons in CMB, where we 
have set Qpm = 0.26 + 0.01. 


A. Comments on conventional detection methods 


Because the maximum energy of zero-point energy modes of the primordial field at present time and its mass are much smaller 
than a nuclei’s mass, it is very difficult to detect them using the experiments which we have designed for detecting WIMPs by 
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recording the recoil energy of nuclei as it scatter off nuclei. And even since $kmax(to) [Me ~ 1079, it is also very difficult to 
detect them by recording the electronic recoils as it scatter off an electron. 

In the beginning, the standard model elementary particles are produced from vacuum state through Eq.( 8), which are most 
likely irreversible processes, in this case, it is impossible to create the zero-point energy modes of the primordial field in a particle 
accelerator by the reverse processes of Eq.( 8). However, it must be emphasized that each mode k of the primordial field as dark 
matter is in the lowest energy state 4 v'k? + m?, while the energy of excited particles of the primordial field is Vk? + m?. The 
process e+ + e7 — kı + kg can generate excited state particles(with energy v k? + m?) of the primordial field, but similar to 
process et + e7 — v + D, its generation cross section must be very small, and kı and kz are not charged, and its mass is near 
the neutrino mass (or the difference is 1 to 2 orders of magnitude), so process et + e7 — v + D becomes the background of the 
process et + e~ —> ky + k2, which is difficult to distinguish experimentally, which is the difficulty of generating excited state 
particles of dark matter through particle accelerators. 

For the conventional indirect detection, in some regions of the universe, such as the galactic center, where the remaining 
vacuum energy of the primordial field may accumulate. If its density become dense enough, the following annihilation processes 
have a probability to occur, just as it did in the beginning of the universe. 


ky the > v +D, (29) 


ky + k2 > et Fe, (30) 


Based on previous discussions, neutrino and antineutrino has a probability to be produced in a region where if the remaining 


vacuum energy are accumulated up to Pryac > 


4 
my f (z). which is depend on the neutrino mass. The energy density 


condition for the process (30) to occur is much higher 


4 
Prvac > at (= ) ~ 1022 eV! ~ 103 g/cm, G1) 


which is much larger than the density of iron. And nowadays, the averaged energy density of the remaining vacuum energy has 
decreased to Pryac = Pom œ 0.26 x 0.97 x 10~?° g/cm, it is very difficult to be accumulated up to 10° g/cm? again even 
in galactic center regions because of gravitational interaction. In Ref. [22], Gondolo and Silk derived a conservative estimate 
of dark matter density near the galactic center, they obtained ppm ~ (1 — 8/3) x 0.24 GeV/cm? with 0 < 8 < 2, so the 
process (30) mainly occurs only in the very early universe. Among all these indirect detections, theoretically the most viable 
method is to observe neutrinos result from the remaining vacuum energy modes annihilations in the dense regions of dark matter, 


4 
such as the galactic center where if the remaining vacuum energy are accumulated up to Pyyac = oe f (2 but it’s a huge 


challenge in practice. I expect future neutrino telescope may confirm the nature of dark matter. 
How to confirm the existence of the remaining energy of the universe’s original energy in experiment is still an open problem. 


IV. SUMMARY 


In this article, I propose a new theory on the origin of dark matter abundance, in which I introduce a neutral primordial field, 
which is a new field beyond the standard model, its mass is limited to the vicinity of neutrino mass (or 1-2 orders of magnitude 
different from the neutrino mass). All the standard model elementary particles are produced spontaneously from this field in the 
Big Bang epoch of the universe and then these produced elementary particles decayed or annihilated in the well-known standard 
model interactions. The relic of the primordial field appears in a form of vacuum energy can not only give naturally the correct 
abundance of dark matter in the present universe, but provide a natural solution to the cosmological constant problem as well. 
The remaining vacuum energy of this primordial field is the most economical way among all the existing approaches to dark 
matter puzzle. We find that the conventional methods of detecting dark matter either fail or have great difficulties to detect the 
remaining vacuum energy of the primordial field, and how to confirm the existence of the remaining energy of the universe’s 
original energy in experiment is still an open problem. 
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APPENDIX 


In the appendix, we give the reason for T, > 0.1m, . 
From the Theorem IT, we have 


167? 2M, 1672 kiaz (to) 


Ikma (t1) p ( m ) a3 = Ikmax(to) p ( m ) a3, 


so the relation between kyax(t1) and kmax(to) is 


1 
f (atte) 


= cis max $ 
kmax(tı) = a7” kmax(to) (a) 


iy 


where we have used ay = 1. Therefore from Eq. (33) and the relation formula T,a, = To, we obtain 


T 
Tı B A 
Foal)" o 
a eset) 
1 
_ —1/4 To f(s) 
=a; i ; 
5kmax t m 
g (to) f (w) 


Eq. (23) and Eq. (24) gives arma (te) ~ 0.003 eV. Numerical analysis shows that the value of | 
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(32) 


(33) 


(34) 


F( ams) 


a 
(2) | 1s approx- 


kmax(to) 


imately equal to 1, and substituting the values Tọ = 2.348 x 1074 eV, $kmax(to) ~ 0.003 eV and 5 kimax (t1) = m, into 


Eq. (34), we obtain 


x (0.1m,). 


Since 0 < aı < 1, we get approximately T} > 0.1m,. 
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